CONVERSION FACTORS
For use of readers who prefer to use metric units, conversion factors for terms used in this report are listed below: Cuttings were collected periodically during drilling of the remaining five deep wells; however, sampling frequency was insufficient to provide lithologic information for wells UA2, UC2, UE2, UH2, and UI2. Borehole-geophysical logs were obtained for each deep well and were used to provide additional lithologic and stratigraphic information. Some caliper and gamma logs were obtained prior to setting casing, but most logs were obtained after well completion.
Geologic Setting
Melton Valley is bounded on the northwest by Haw Ridge, which is underlain by the Rome Formation of Cambrian age ( fig. 1 ). The Rome Formation consists of massive sandstone, thinly-bedded siltstone, shale, and mudstone (Haase, Walls, and Farmer, 1985) . Copper Ridge, which bounds the valley on the southeast, is underlain by the Knox Group of Cambrian and Ordovician age ( fig. 1 ). The Knox Group consists of carbonates, principally dolomite with subordinate amounts of limestone and locally abundant sandstone.
Melton Valley is underlain by the Conasauga Group of Cambrian age ( fig. 1 ), which consists of six formations (in ascending order): Pumpkin Valley Shale, Rutledge Limestone, Rogersville Shale, Maryville Limestone, Nolichucky Shale, and Maynardville Limestone (Davis and others, 1984, p. 16) . Although formation names indicate single lithologic types, the formations are composed of several rock types. For example, the Nolichucky Shale contains interbedded limestone beds, particularly in the lower part of the formation, and the Maryville Limestone contains abundant interbedded shale in the lower part. A more detailed description of the formation lithologies of the Conasauga Group is presented by Haase, Walls, and Farmer (1985) .
The formations strike northeast at about 56 degrees from north, and dip southeast generally between 10 and 45 degrees, although local variations are common (Haase, Zucker, and Stow, 1985, p. 475) . The Copper Creek thrust fault underlies Haw Ridge and places the Rome Formation over the younger, Ordovician Chickamauga Limestone. Several tear faults cross Melton Valley (Haase, Zucker, and Stow, 1985) , two of which are shown on figure 1.
Depth of weathering within the Conasauga
Group is variable and ranges from less than 5 feet in low-lying areas to more than 60 feet on the ridges (J.K. Carmichael, U.S. Geological Survey, written commun., 1987). The weathered zone, referred to as "regolith" in this report, generally consists of silty clay with increasing residual rock fragments with depth.
WELL CONSTRUCTION
Nineteen wells were installed at nine sites in the Melton Valley area ( fig. 1 ). Shallow wells (24 to 86 feet) at each site were installed to measure water levels in the regolith (table 1) . Deep wells (126 to 301 feet) were installed to provide hydrologic information on the bedrock part of the ground-water flow system (table 1) . At site UG, an additional 200-foot deep well was installed to provide information on hydraulic heads at a depth between the 32-foot deep well and the 301-foot deep well at this site.
All wells were drilled or cored by the airrotary method with water-spray injection. Teninch diameter steel surface casing was set and cemented into a 14-inch diameter borehole in most of the wells. Depths of surface casing ranged from 0 to 26.6 feet (table 1). The shallow wells were drilled with a 9.6-inch diameter bit. A 6-inch inside-diameter steel casing and 5-foot long well screen, attached to the bottom of the casing, were then installed in each of the shallow boreholes. The screened interval was sand packed to a height of about 2 feet above the top of the screen, and the casing was cemented from the top of the sand pack to ground level.
Four-inch diameter cores were obtained from wells UB2, UD2, UF2, and UG2. After coring was completed, the hole was reamed to 9.6 inches, and 6-inch diameter steel casing was installed and cemented from the bottom of the casing to ground level. An open-hole interval of 5.6-inch diameter was drilled below the casing after the cement had hardened. Open-hole intervals range from 16 to 93 feet. The longer open-hole intervals were drilled in order to intersect more water-bearing fractures in lowyielding formations. The remaining deep wells (UA2, UC2, UE2, UG3, UH2, and UI2) were drilled with a 9.6-inch diameter bit. Using the same procedures as the cored wells, 6-inch diameter steel casing was installed and cemented, and the 5.6-inch diameter open-hole interval was drilled below the casing in all wells except UC2. The open-hole section of UC2 is 9.6 inches in diameter. Steel-casing centralizers were attached at casing collars at 20-foot intervals and to the top and bottom of the casing string.
Deep-well casings were cemented in the borehole by injection of expanding cement into the casing and through a floatshoe attached to the bottom of the casing string. The cement then filled the casing-borehole annulus from the bottom to the ground surface. Additional wellconstruction data are shown in table 1.
LITHOLOGIC DESCRIPTION OF CORES
The formations encountered during coring operations were the Pumpkin Valley Shale, Maryville Limestone, and Nolichucky Shale. The Maryville Limestone and the Nolichucky Shale are in direct stratigraphic contact, but the Pumpkin Valley Shale occurs lower in the section ( fig. 1 ).
Continuous coring was attempted for wells UB2, UD2, UF2, and UG2. Cored segments ranged from 5 to 21 feet in length, and recovery for individual segments ranged from 18 to 100 percent. Percentage of recovery was generally greater in limestone, and less in shale and mudstone. Structural features observed include small-scale fractures, displaced bedding, fault zones, and folding. Because the wells may not be precisely vertical, dip of the rocks is considered "apparent." Apparent dip ranges from 0 to 90 degrees. Dip directions could not be determined due to rotation of the core during coring. Cores are described by general lithology, color, and sedimentary and geologic structures. Most core depths are approximate, due to incomplete recovery; however, depths are probably accurate to within 5 feet.
Well UB2
Well UB2 is located in the south end of Melton Valley, east of the flood plain of the Clinch River ( fig. 1 ). This well was cored from 25 to 126 feet below land surface. Core recovery for indiviual core segments ranged from 37 to 68 percent, and averaged 48 percent for the entire core. Well UB2 was begun and completed entirely within the Maryville Limestone.
Lithologies encountered in this core include (1) finely-laminated limestone and shale interbeds with occasional rip-up clasts; (2) massive, medium-gray, intraclastic mudstone, described by Haase, Walls, and Farmer (1985) , and referred to in this report as flat-pebble conglomerate; (3) olive-gray to medium-dark-gray, medium-grained, massive pelletal or oolitic limestone; (4) a massive unbedded mudstone; and (5) a lenticular limestone with minor clay drapes ( fig. 2 ). Bedding varies from thinly laminated to massive, and ranges from 0.25 inch to 1 foot thick.
The upper 45 feet of core in well UB2, from 25 to approximately 70 feet below land surface, consists of alternating beds of parallel-to waveylaminated limestone, shaley limestone, and shale interbeds, and massive oolitic limestone or flatpebble conglomerate. In this interval, limestone is the most abundant rock type ( fig. 2 ). In the interval from about 70 to 114 feet, shale and mudstone become more abundant. The major lithologies in this interval consist of interbedded, finely laminated to lenticular shale and shaley limestone, alternating with occasional massive mudstone. Shaley limestone is more abundant in the bottom 12 feet of core (114 to 126 feet). The dominant rock type in this interval consists of massive flat-pebble conglomerate with interbeds of wavey-laminated to lenticular shaley limestone and shale. Contacts between these various lithologies generally are gradational. The characteristics of the contacts were obscured where core recovery was poor.
Comparison of the core with the description of the Maryville Limestone by Haase, Walls, and Farmer (1985, p. 32-35) , indicates that well UB2 penetrated the lower part of the Maryville Limestone, which is characterized by more abundant mudstone interbedded with calcareous lithologies (Haase, Walls, and Farmer, 1985, p. 32) .
Geologic structures are present throughout the core from well UB2. Apparent dips range from 30 to 90 degrees, and average 50 degrees ( fig. 2 ). Some small-scale folds and local deformation were observed, especially in the finely laminated units. Zones of more intense deformation and fracturing, which could have resulted from faults or fracturing, are also present. Evidence for this deformation includes features such as slickensides, secondary calcite fracture fill, and preferential breaking of the core perpendicular to bedding planes. Such zones occur at depths of 27 to 28, 54 to 59, 63, 77,100 to 104, and 118 to 120 feet below land surface.
Well UD2
Well UD2, located at the base of Haw Ridge near the entrance to Burial Ground 5 ( fig. 1 ), was cored from 28 to 183 feet below land surface. Core recovery ranged from 18 to 88 percent and averaged about 60 percent for the entire core. UD2 was completed entirely in the Pumpkin Valley Shale. Lithologies in this core consist entirely of alternating blackish-red and greenish-gray, very fine-grained silty mudstone and mudstone with shale interbeds (fig. 3 ). Coarse-grained interbeds often contain glauconite. Horizontal and vertical bioturbation, sedimentary structures (such as cross bedding), and soft-sediment deformation occur throughout the core, and bedding varies from parallel to lenticular ( fig. 3 ).
Comparison of this core with the description of the Pumpkin Valley Shale by Haase, Walls, and Farmer (1985, p. 42) fig. 1 ). This well throughout this core, and some apparent softwas cored from 28 to 190 feet below land surface, sediment deformation has occurred in both the Core recovery ranged from 46 to 100 percent, Nolichucky Shale and the Maryville Limestone, and averaged 81 percent. UF2 was begun in the Examples of this deformation occur at 30,72, and Nolichucky Shale and completed in the 102 feet below land surface. Apparent dips range Maryville Limestone. In this core, the Noli-from 0 to 60 degrees; however, the units are chucky Shale is characterized by thin, parallel-to predominantly gently dipping and have an wavey-interbeds of dark, greenish-gray shale and average apparent dip of 20 degrees ( fig. 4) . silty mudstone, mudstone, and medium-gray Evidence for structural deformation also inshaley limestone (fig. 4) . The Maryville Lime-eludes such features as slickensides, calcite-filled stone in this core consists of interbedded lime-fractures that cut across bedding, friable and stones, shaley limestone, and shale. Lithologies broken shale beds, and apparent folds. Zones of vary from parallel-to wavey-laminated, dark intense deformation that might indicate faulting greenish-gray shale with fine-crystalline, or large-scale fracturing occur at depths of 33,42, medium-gray to medium light-gray limestone 54, 104, and 175 feet below land surface, lenses, to medium-to light-gray limestone with mudstone lenses (fig. 4) . These lithologies alternate with massive flat-pebble conglomerate inWell UG2 terbeds.
Well UG2 is located at the northeastern end of Melton Valley ( fig. 1) . Coring was begun From 28 to 75 feet, the core from UF2 con-at 11 feet and completed at 253 feet below land sists primarily of shale, both massive and thinly surface. Recovery ranged from 30 to 100 percent, bedded with minor limestone lenses, inter-and averaged 66 percent. The core from this well spersed with 1-to 1.5-foot thick beds of flat-is similar to the core from well UF2. Well UG2 pebble conglomerate (fig. 4) . From 75 to 95 feet, was begun in the lower Nolichucky Shale and the core consists of thinly bedded, wavey-completed in the Maryville Limestone. The conlaminated shaley limestone with shale interbeds. tact between these two formations is the characThe contact between the Nolichucky Shale and teristic pelletal limestone with interstitial the Maryville Limestone is gradational and is glauconite, and occurs at 182 feet below land surcharacterized by an increase in carbonate con-face ( fig. 5 ). At this site, the Nolichucky Shale tent. The contact is indicated by a glauconite-consists of blackish-red shale that is both massive rich, pelletal limestone bed at the top of the and laminated ( fig. 5) 
GEOPHYSICAL LOGS
Borehole-geophysical logs provide a continuous record of the physical properties of the rocks encountered in a well and can provide indirect information on the lithology and hydraulic properties of the rock. The logs obtained for this study include caliper, gamma, neutron, and gamma-gamma. With the exception of wells UA2, UB2, and UI2, caliper logs were obtained prior to setting casing in the wells. Gamma logs were obtained in wells UE2 and UG2 prior to setting casing, and the complete suite of logs for well UF2 was obtained to a depth of 160 feet before casing was emplaced. Neutron logs for wells UA2, UB2, UC2, and UD2 were obtained several weeks after other logs for those wells. All other logs were obtained after casing was set and cemented in the wells.
The following discussion on interpretation of the various types of logs is generalized. A more detailed discussion of the theory and interpretation of geophysical logs is beyond the scope of this report, but may be found in various texts on the subject, such as Keys and MacCary (1971) .
Caliper logs provide a record of the diameter of the borehole. Increases in borehole diameter, such as those caused by large fractures or solution openings, appear as a deflection to the right on the caliper log. The caliper tool used in this study was the three-arm type, which provides a more accurate measurement of the borehole diameter than single-arm types.
Gamma logs measure the amount of gamma radiation present in the rock. Increases in gamma radiation appear as deflections to the right (increase in counts per second) on the log, and are usually caused by clay or shale lithologies. Limestone and clean sandstone typically have very low gamma values.
Neutron logs record the hydrogen content in the rocks and provide an indirect measurement of the moisture content or porosity of the rocks. A decrease in the number of counts per second recorded by the tool (deflection to the left on the log) is caused by an increase in the attenuation of neutrons by hydrogen in the rock. In water wells, the increased hydrogen is associated with increased water content (higher porosity) within the rock mass. The tool used in this study was not calibrated for quantitative measurement of porosity, and only relative changes in porosity can be inferred by deflections in the neutron log.
Gamma-gamma logs provide information on the attenuation of gamma radiation through the rock. The amount of attenuation is directly related to the bulk density of the rock, so that an increase in attenuation (decrease in counts per second, and deflection to the right on the log) is caused by an increase in bulk density. The tool used in this study is calibrated to read density directly in grams per cubic centimeter.
Gamma and neutron logs proved to be the most useful for lithologic interpretations in this study, because of their response to shale and limestone lithologies. These logs were particularly helpful for locating the contact between the Nolichucky Shale and the Maryville Limestone. Gamma-gamma logs provided additional information, but generally were not useful in determining lithology or stratigraphy.
Logs of Wells UB2, UD2, UF2, and UG2
Cores obtained from wells UB2, UD2, UF2, and UG2 were compared to the geophysical logs for these wells. These comparisons were then used to interpret geophysical logs of the remaining wells that were completed in similar geologic units, but for which no cores were available.
The effects of large-diameter surface casing, open-hole intervals, and standing water, if present, can be seen in the suite of logs for each borehole. A 10-inch diameter surface casing is present in the upper part of each borehole and is seen as low count rates on the gamma and neutron logs and low densities on the gammagamma logs. Open-hole intervals cause larger gamma and neutron count rates and lower density values, because of the absence of steel casing and cement. Standing water in the wells caused an abrupt shift to left (lower count rates) on the neutron logs.
The contact of the upper, limestone-rich, and the lower, shale-and mudstone-rich parts of the Maryville Limestone is at a depth of about 70 feet below land surface in well UB2. Geophysical logs of this well show an increase in gamma values and a decrease in neutron values at a depth of about 82 feet ( fig. 2 ) that correlates with this contact. Average count rates for the gamma log are about 100 cps (counts per second) for the upper Maryville and about 125 cps for the lower Maryville. The increase in limestone content at 114 feet is shown by a shift to the right on the neutron log at 110 feet ( fig. 2) . Peaks to the right in the gamma-gamma log probably correspond to dense limestone beds within the Maryville, because they correspond to decreases in gamma values, indicative of limestone, at similar depths.
Well UD2 is completed entirely within the Pumpkin Valley Shale. Gamma log count rates for this well ( fig. 3 ) are about 150 cps, which is indicative of mudstone and shale in the study area. Mudstone and shale content appears to be greater below a depth of 60 feet on the basis of small baseline shifts on the gamma and neutron logs. Neutron count rates are fairly consistent and average about 1,700 cps. The consistency of both the gamma and neutron logs below 60 feet reflects the general similarity of lithologies within the Pumpkin Valley Shale in this borehole. Regularly-spaced spikes (20 feet apart) in both the neutron and gamma-gamma logs are probably a result of casing joints and centralizers.
Geophysical logs for well UF2 were obtained during coring operations, when the hole depth was 160 feet. The gradual decrease in gamma values and gradual increase in neutron values in the upper 95 feet (fig. 4) reflect the gradual increase in limestone content in the Nolichucky Shale with depth. Abrupt deflections in the gamma and neutron logs at 95 feet represent the contact between the Nolichucky Shale and the Maryville Limestone. An increase in density, associated with this contact, is also seen at about 95 feet.
Similar correlations between geophysical logs and rock types are seen in the logs of well UG2 ( fig. 5) , which penetrates the same geologic units as well UF2. The Nolichucky ShaleMaryville Limestone contact is at a depth of 182 feet at this site ( fig. 5 ). Although the deflections in the gamma and neutron logs are not as pronounced in UG2 as in UF2, they are apparent at 182 feet ( fig. 5) . The gradual increase in limestone content with depth in the Nolichucky Shale is also reflected in the gamma and neutron logs ( fig. 5 ). Regularly-spaced peaks in the gammagamma log are probably due to casing joints and centralizers.
Logs of Wells UA2, UC2, UE2,
to grayish-red, fine-grained sandstone and silt-UH2, and UI2 stone typical of the Rome Formation. Gamma values decrease abruptly beginning at about 100 Geophysical logs provide the main source feet, and the S-shaped curve of the gamma log of lithologic and stratigraphic information for between 100 and 117 feet may represent a fault wells UA2, UC2, UE2, UH2, and UI2, because zone ( fig. 7) . Gamma values below 117 feet are information from cuttings were insufficient to very low (less than 50 cps) and are typical of provide complete lithologic descriptions. Com-values for limestone. Cuttings obtained below parisons of logs from non-cored wells to logs of 100 feet are mainly composed of medium-to wells that were cored provide a means of ex-dark-gray, dolomitic limestone, and are probabtrapolating geophysical data to lithologic and ly a part of the Chickamauga Limestone, stratigraphic interpretation for these five wells. Neutron count rates are also greater below 117 feet, although the deflection on this log is much Well UA2 is probably completed entirely less pronounced than on the gamma log ( fig. 7) . within the Nolichucky Shale. This conclusion is based primarily on the location of this site, and
All of the logs for well UC2 were affected the relatively high gamma values ( fig. 6 ). Well by a cavity encountered during drilling and UA2 is located on the south side of the Clinch shown on the caliper log between 28 and 33 feet River, and geologic mapping of the valley has not ( fig. 7) . Regularly-spaced (20 feet) spikes on the been extended to that area. Extrapolation of gamma-gamma log are probably the result of geologic contacts across the river showed UA2 to casing joints and centralizers. be within the Nolichucky Shale outcrop area. Gamma values for UA2 generally are greater Well UE2 is located in the northeastern than 100 cps, and tend to be slightly greater at part of burial ground 5 and is within the outcrop depths less than 62 feet ( fig. 6) . These values are area of the Maryville Limestone ( fig. 1 ). On the similar to those obtained for the Nolichucky basis of its location and the gamma log, this well Shale in wells UF2 and UG2. The greater count is probably entirely within the Maryville Limerate above 62 feet may indicate a greater stone. Gamma count rates are low, consistently mudstone or shale content at shallow depths, less than 100 cps ( fig. 8) , and are typical of limeNeutron values are also slightly less at depths less stone. Gamma values generally are greater than 62 feet. The Nolichucky appears to contain below 37 feet, and may indicate the change from interbedded lithologies at this site. Limestone the upper, limestone-rich part to the lower, beds are indicated by low gamma and high mudstone-and shale-rich part of the Maryville. neutron peaks, such as those at 55 and 100 feet Recent geologic mapping (R.B. Dreier, Martin ( fig. 6 ).
Marietta Energy Systems, written commun., 1987) supports this conclusion. Neutron values Well UC2 is located near the crest of Haw for UE2 are higher than those of other wells, but Ridge, which is underlain by the Rome Forma-this may be because a different probe was used at tion and the Copper Creek thrust fault ( fig. 1) . this site. The sharp spike to the left on the The gamma log for UC2 ( fig. 7) shows evidence neutron log at 116 feet ( fig. 8 ) might indicate the of this fault, or an imbricate splay of the fault presence of a fracture zone. However, the (R.B. Dreier, Martin Marietta Energy Systems, caliper log shows no increase in borehole written commun., 1987) . Gamma values in the diameter at that depth, and a corresponding upper 100 feet average about 150 cps and are decrease in density that would be associated with typical of values for the Rome Formation. Cut-a fracture at that location is not present on the tings from this interval consist of medium-gray gamma-gamma log. Well UH2 is located at the northeastern end of Melton Valley, about 500 feet west of well UG2( fig. 1 ). This well probably penetrates both the Nolichucky Shale and the Maryville Limestone, and the contact between these formations is at a depth of about 73 feet. Gamma values generally decrease and neutron values generally increase below a depth of 73 feet ( fig. 9 ). An increase in average gamma values below 185 feet ( fig. 9 ) may indicate a change from the upper to the lower part of the Maryville Limestone.
Well UI2 is located on the south side of Melton Branch, about 2,000 feet southwest of UH2, and is within the outcrop area of the Nolichucky Shale ( fig. 1) 
SUMMARY
Nineteen wells were installed by the U.S. Geological Survey at nine sites in the Melton Valley area. The wells are intended to provide information on: (1) water levels in both regolith and bedrock in order to determine both lateral and vertical ground-water flow directions, (2) aquifer characteristics, and (3) subsurface lithology. Well depths range from 24 to 86 feet for shallow wells, and from 126 to 301 feet for deep wells. Four-inch diameter cores were obtained from wells UB2, UD2, UF2, and UG2. Caliper, gamma, neutron, and gamma-gamma density borehole-geophysical logs were obtained for each deep well.
Lithologic descriptions of core and analysis of geophysical logs indicate that well UB2 is completed entirely within the Maryville Limestone, and UD2 is completed entirely within the Pumpkin Valley Shale. Wells UF2 and UG2 penetrate both the Nolichucky Shale and the Maryville Limestone. The contact between the Nolichucky Shale and the Maryville Limestone is at a depth of 95 feet in UF2 and 182 feet in UG2.
Geophysical logs provide the main source of lithologic and stratigraphic information for wells UA2, UC2, UE2, UH2, and UI2, because they were not cored, and cuttings that were collected at these sites were insufficient to provide complete lithologic descriptions. Comparison of logs to cores obtained in other wells provides a means of extrapolating geophysical data to obtain lithologic and stratigraphic information for these five sites.
Well UA2 is probably completed entirely within the Nolichucky Shale. Well UC2 probably penetrates an imbricate splay of the Copper Creek thrust fault, which places the older Rome Formation above the younger Chickamauga Limestone, at a depth of about 100 to 117 feet. Well UE2 is completed entirely within the Maryville Limestone, and the contact between the upper and lower parts of the Maryville is probably at a depth of 37 feet. Wells UH2 and UI2 penetrate both the Nolichucky Shale and the Maryville Limestone. The contact between the Nolichucky Shale and the Maryville Limestone is at a depth of about 73 feet in UH2 and 118 feet in UI2.
